The aim of this study is to investigate the effect of phosphate solution with Ca 2+ additives on weight, surface morphology and electrochemical behavior of phosphated Zn-Ni film. In order to characterize structure and morphology of surface, X-ray diffraction (XRD) and scanning electron microscopy (SEM) were applied, respectively. Results showed that the main composition in produced coatings was hopeite Zn 3 (PO 4 ) 2 ·4H 2 O, which has high corrosion resistance. On one hand, in the presence of Ca 2+ cations in solution, the weight of phosphate coating decreased, but on the other hand surface uniformity and corrosion resistance of the coating increased.
Introduction
Zinc electrodeposits are broadly employed as corrosion protection of steels. Nowadays, the corrosion resistance of conventional Zn coatings is not favorable enough on account of permanent requirement of Industry, especially automotive, to reduce coatings thickness and simultaneously to increase corrosion resistance. Accordingly, so many attempts have In a certain composition range (9-15 wt.%), corrosion resistance of electrodeposited Zn-Ni alloy coatings is much higher (5-6 times) than that of pure zinc [2, 4, 5, [10] [11] [12] [13] .
Formation of a passive film on the surface of steels can further increase profitable lifetime of Zn and Zn alloy electrodeposits. Several industrial fields are using additional surface treatments such as chromate and phosphate films on metals for intended applications [14] [15] [16] [17] [18] .
The application of chromate films has been restricted on the ground of Cr (VI) toxicity, although it has an excellent anticorrosive behavior [19, 20] .
Hence, one of the most well-known applications, executed as a final surface treatment, is phosphating. Thanks to cost effectiveness, very high corrosion resistance, good phosphating rate, wear resistance, lubricant and cohesion properties of phosphate coatings, they have an impressive role in automotive, aerospace and offshore industries [21] .
With the passage of time, Ni and Ca components with Zn have been more employed for properties optimization of phosphate coatings and increase in its properties as divalent or multivalent [22] .
In this research, two phosphating baths with in each of which Ca 2+ cation, for phosphating Zn-Ni(12%) coating were used.
Experimental
For phosphate coating, steel samples as cylindrical with 10 mm diameter and 10 mm height were used (composition of the samples is listed in Table 1 ). Table 2 , was used. After that, phosphating was done as the top layer. Hence, the scope of study is the investigation on the top layer. During Zn-12%Ni coating, when deposition process is being done, hydrogen reduction takes place causing pores in surface morphology. When last layer is applied, phosphate coating (Hopeite) deposits on the porosities of the sub-layer. In this work two phosphating bath were used. Components and the operating conditions of the phosphating bath are shown in Table 3 . In general, phosphate coatings are porous. These porosities can be reduced by Chromic acid or its salts as a final treatment. Hence, to do so a solution of 0.015% chromic acid was used. After phosphating and rising, samples were immerged in the mentioned solution for 15 s at ambient temperature. Fig. 1 shows schematic of phosphating process steps.
In order to study the samples structure, X-ray diffraction were performed with a D8 advance diffractometer (Brokers) using Cuk ␣ = 1.54Å. A step-scan mode was used in the 2-theta range from 10 • to 60 • with a step length of 0.033 • . Table 3 -Chemical composition and operating conditions of the phosphating baths. The surface morphology of samples was investigated with CAMSCAN2300 scanning electron microscopy (SEM). Coating weight as a main factor to determine phosphate coating quality was used for standardization the bath parameters and operating conditions. The weight of phosphate coating was determined by measuring the weight of phosphate samples before and after stripping in 25 g/l chromic acid solution for 2 min at 50 • C temperature. Coating weight was calculated using the following equation [21, 23] :
× 10, 000
In which w 1 , w 2 are sample weight after phosphating and stripping in acid chromic, respectively.
To investigate the corrosion behavior of phosphate coatings, corrosion test was carried out in a 3.5% NaCl solution at 25 • C, using a standard three electrode system with a Pt counter electrode, a saturated KCL reference electrode, and a sample with an area of 0.785 cm 2 as working electrode. Samples were introduced into cell system and allowed to reach open-circuit potential equilibrium (OCP) before electrochemical polarization measurements, which took 1800 s. Electrochemical polarization measurements were performed under potentiodynamic conditions using a BEHPAJOOH potentiostat/galvanostat Model BHP2063+ with a potential scan rate of 0.001 V s −1 . Samples polarized between ±300 mV around OCP after reached to OCP. The corrosion current densities (i corr ) were determined using the following equation:
where i corr is the corrosion current densities (A/cm 2 ), b a and b c are the anodic and cathodic Tafel slope respectively (V/dcad) and R p is the polarization resistance ().
3.
Results and discussion
Composition and surface morphology
X-ray diffraction of the phosphate samples, obtained by two phosphating solution, is shown in Fig. 2 after phosphating, flower structure was formed on the surface, and on the ground of hopeite structure, which looks like flowers, so it can be concluded that hopeite has been formed on the surface. Comparing two phosphate coatings produced by two phosphating solutions, it was observed that the number of blade form hopeite produced by solution content Ca 2+ ion, were more than that of solution without Ca 2+ ion. The coating formed by solution with Ca 2+ has CaZn 2 (PO 4 ) 2 ·(H 2 O) in its structure causing a difference in hopeite shape in coatings with and without Ca 2+ , which can be seen in SEM images, meaning XRD results are in agreement with SEM results. The structure of inorganic phosphate coatings depends principally on their weight. Normally, light-weight phosphate coatings (0.2-1.4 g m −2 ) have an amorphous structure, while middle-weight (1.4-7.5 g m −2 ), as well as a heavy-weight (7.5-30 g m −2 ) phosphate film demonstrates a crystalline structure [24] . By applying Eq. (1), the weight of phosphate coating with 10 min immersion in solution at 50 • C temperature produced form first and second phosphating solution 7.095 g/m 2 and 9.091 g/m 2 obtained, respectively. Therefore, the structure of both phosphate coatings are crystalline. Presence of Ca 2+ ion is the reason of the higher weight of phosphate coating produced by second solution. Ca 2+ ion leads to number of the phosphate grains increase per unit of surface. By growing grains, the weight of coating increases.
Corrosion behavior in a 3.5% NaCl solution
The corrosion behavior of Zn-Ni electrodeposits without/with the phosphate coatings was evaluated from the open-circuit (corrosion) potential (E corr ) monitoring and polarization measurements, carried out in a 3.5% NaCl solution. The values of i corr and R p were determined from polarization measurements. The obtained curves are presented in Fig. 4 and the results are listed in Table 4 . It can be perceived from this data that the corrosion current density of Zn-Ni samples without phosphate coating is 2.551 cm −2 . Ratio of the corrosion resistance, R p , with phosphate coating to without phosphate coating is 10.43 for the first solution and 11.69 for the second. Phosphate coating decreased the 
Conclusion
Effect of Ca ion on the phosphate Zn-12%Ni coating behavior was investigated. Based on the XRD and SEM investigations, hopeite (Zn 3 (PO 4 ) 2 ·4H 2 O), was the Predominant structure of the phosphate coatings produced by solutions with/without Ca 2+ . In the phosphate coating produced by solution content Ca 2+ ions, some Ca-Zn phosphate was formed as well. It was observed that the number of blades of hopeite, produced by solution content Ca 2+ ion, are more than that of solution without Ca 2+ ion, so those covers the pores more than the coating without Ca 2+ . Hence, it seemed that porosity trend from the coating produced by solution content Ca 2+ ion to the coating produced by solution without Ca 2+ is decreasing. Phosphate coating produced by solutions with/without Ca 2+ had crystalline structure. Ca 2+ ion caused increase in the numbers of the blade-shape hopeite, decreasing the contact between corrosive media and coating, and then growth and phosphate coating weight increased in unit surface.
